Mr B B, a 25-year-old labourer, presented with a history of poor dietary intake for years. He also had a history of weakness, intermittent abdominal pain and ataxia for two months; diarrhcea for three weeks; and breathlessness and oliguria for two weeks. He was drowsy on the day of admission. For several years his beer intake had been over seventy pints per week and he had smoked forty cigarettes a day. In 1969 he was diagnosed as suffering from major epilepsy and he had taken phenobarbitone 60 mg twice daily since 1972. Alcoholism was diagnosed in 1975, when he had a slightly raised serum glutamate oxaloacetate transaminase (SGOT) of 21 iu/ 1, a raised serum gamma glutamyl transpeptidase of 33 mu/ml, a low normal serum folate of 3.5 ng/ml (3.5 ,ug/l) and a low protein-bound iodine (PBI) of 290 mmol/l. Later that year he took an overdose of diazepam.
On examination it was found that he was suffering from shock, with a blood pressure of 60/OmmHg, with cyanosis of the face, tongue, upper chest and arms; he had Kussmaul's respirations but he was rational and there were no signs of heart failure. 
Investigations
The following investigations were performed: chest X-rays showed cardiomegaly with a cardiothoracic ratio (CTR) of 17:29 and pulmonary cedema ( Fig IA) ; an initial ECG showed low voltage QRS, T inversions in III and IIIR and right bundle branch block. The serum enzymes were massively elevated (Fig 2) . Serum bilirubin 2.0 mg/100 ml (34 mmol/l), albumin 2.9 g/100 ml (29 g/l), globulin 3.3 g/100 ml (33 g/l) and alkaline phosphatase 6.0 K A units/100 ml. The hemoglobin was 15.2 g/100 ml and white cell count 17.5 x l09/1. Serum iron 44 ig/100 ml (7.9 pmol/l), total iron binding capacity 315 jig/ 100 ml (56.3 ,mol/l), saturation 14 %, serum calcium 8.0 mg/100 ml (2.0 mmol/l), phosphorus 4.5 mg/ 100 ml (1.45 mmol/l), magnesium 0.92 mmol/l, amylase 340 iu/l, plasma cholesterol 108 mg/100 ml (2.78 mmol/l) and triglyceride 49 mg/100 ml (0.55 mmol/l) with hypobetalipoproteinemia. His prothrombin ratio was 2.1. He was given a drug overdose screening and only phenobarbitone was detected in the urine. A glucose tolerance test was normal. Blood and sputum cultures were negative. Viral studies were negative. Pyruvate tolerance was abnormal even nine days after admission.
A week after admission, the patient's serum was tested using the nitroso R salt method (Jacobs 1967) . No cobalt was detected in the serum but the lower level of sensitivity was 8.0,g/l. Using the same method 25 jig/l of cobalt was detected in one of the beers which he drank but none was found in the other beer. However, using the atomic absorption method, cobalt levels in these beers of 0.07 pg/l and 0.11I,g/l respectively were detected at one centre, with levels of 0.08 pg/l and 0.06 pg/l at another centre. As levels of 0.11 pg/1 and 0.25 pg/l of cobalt (as estimated by atomic absorption) were found in the water used by the respective breweries the concentrations of cobalt in the beers presumably reflected the levels in these water supplies.
An EEG showed generalized asymmetrical complex activity, suggestive ofabnormal brain function. EMG and nerve conduction studies demonstrated a myopathy and mild axonal neuropathy.
Nine months later, thyroxine (T4), triiodothyronine (T3) uptake, free thyroxine index (FTI) and thyroid-stimulating hormone (TSH) were normal.
Treatment and Clinical Progress
On admission the shock, due to low output cardiac failure, was treated with intravenous hydrocortisone and 50% dextrose. One hour after admission the patient had a cardiac arrest and after resuscitation he was given intravenous NaHCO3 hydrocortisone, antibiotics and vitamin B complexes. Two hours later he developed a triple rhythm, sinus bradycardia, a respiratory arrest and an unrecordable blood pressure. He was again resuscitated, maintained on a Bennett's respirator and started on an isoprenalin drip but his blood pressure remained 90/50. Eight hours later, he became conscious, rational and alert but his blood pressure was 100/56 and he was anuric. Later that day he developed vesicles on the right forearm ( Fig 3A) , suggestive of phenobarbitone intoxication (possibly due to its impaired conjugation in the liver), the largest of which progressed to sloughing. The following day he had two major fits, then began to pass urine and the respirator was disconnected but he developed a sinus tachycardia for a few hours. By the third day he was recovering but there was evidence of a peripheral neuropathy. On the fifth day he developed ankle cedema, he was prescribed a high protein diet and given vitamin K because of the prolonged prothrombin ratio. Within ten days there was eschar formation of the forearm at the site of the slough compatible with venous gangrene ( Fig 3B) and this required grafting.
Management of Electrolyte and Acid-base Balance
The severe metabolic acidosis on the first day (Table 1) On admission the plasma sodium was 119 mEq/l (119 mmol/l) (Table 2) and early renal failure progressed for twenty-four hours but responded to a spontaneous diuresis. The low plasma osmolality with high urine osmolality suggested inappropriate antidiuretic hormone (ADH) secretion (Moses & Miller 1974) . The observed plasma osmolality was 263 with a calculated value of 254 mOsm/kg derived from the sodium (119 mEq/l), glucose (175 mg/100 ml) and urea (86 mg/100 ml) using the formula 1.86 Na +(Glu/l 8) + Urea/6.0 + 9 (Dorwart & Chalmers 1975) thus indicating that alcohol was not contributing significantly to the plasma osmolality (Champion et al. 1975) .
Sodium supplements and recovery from inappropriate ADH secretion resulted in return to normal of plasma and urinary sodium. The initially raised plasma K of 6.2 mEq/l (6.2 mmol/l) was due to acidosis, but with correction of the acidosis it fell to 4.2 mEq/l (4.2 mmol/l) despite the renal failure, and a further fall was considered to be due to urinary losses. As he was recovering the ECG showed sinus bradycardia, disappearance of the bundle branch block and return of the QRS complexes to normal voltage but T inversions appeared in V1-V4. Plasma and urine electrolytes and blood gases returned to normal during the first week, the creatine phosphokinase (CPK) within two weeks, serum albumin by the third week, alpha hydroxybutyrate dehydrogenase (HBD) after one month, chest X-rays and ECG after two months, serum glutamate pyruvate transaminase (SGPT) within five months, signs of peripheral neuropathy disappeared by the sixth month, the EEG returned to normal within eight months and the SGOT became normal after nine months.
Dietary Survey (McCance & Widdowson (1973) Food Tables)
The protein intake of the patient was 70 % of the recommended intake and 16 % of this intake was derived from beer. Calorie intake was only 65 % of the recommended amount and 56 % of this intake was from beer. As is typical of heavy beer drinkers, his sodium intake was low at 66 % of the recommended level and only 23 % of this intake was from beer. Potassium intake was adequate and 600 of it came from beer. Thiamine and folate intakes were only 30 % and 5 % respectively of the recommended amounts.
Discussion
The hyponatremia was due to low Na content of beer, a poor dietary intake of Na and Na loss due to diarrhea. Hyponatramia and the pump failure of the congestive cardiomyopathy produced hypotension resulting in acute tubular necrosis. The lactic acidosis was secondary to alcohol, liver damage and shock (Woods 1974) .
The etiology of cardiomyopathy in alcoholics is controversial. The possible causative factors in beer drinker's cardiomyopathy are alcohol, thiamine deficiency, electrolyte imbalance (particularly hypokalxmia), cobalt in beer, drugs and viruses. The relative roles of alcohol and diet have been debated over the years. In 1959, Schrire & Gant reported beriberi in alcoholics with rapid recovery after thiamine replacement and alcohol abstinence. However, animal and human studies by Regan et al. (1966 Regan et al. ( , 1969 and by Regan (1971) , where diet and vitamin intake were adequate, demonstrated that ethanol was the major pathogenic factor, while malnutrition merely contributed to heart damage. Electrolyte imbalance has been considered to cause myocardial damage and McAllen (1954) reported widespread myocardial fibrosis after prolonged potassium loss. Phenobarbitone may have potentiated the cardiotoxic effects of alcohol in out patient. In 1959, addition of cobalt to beer was found to produce a better head (Kesteloot et al. 1968 ) but the role of cobalt in cardiomyopathy was not known until the Quebec epidemic in 1965 (Morin 1967 , Morin et al. 1971 . Since then epidemics have been reported in Omaha (McDermott et al. 1966 ) and Belgium (Kesteloot et al. 1968 ). In the Quebec series of 48 cases, 46 were men and 2 were women with a mortality of 420.
The patient under discussion had several features in common with the Quebec cases; there was excessive intake of beer, relative good health up to two months prior to admission, gastrointestinal symptoms preceding heart failure, with cyanosis, hypotension and tachycardiathat is low output failure as opposed to the high output failure of beriberi. The hemoglobin of 15.2 g/100 ml, despite a low serum iron (44 pg/100 ml) as described by Nadeau & Milon (1967) in Quebec, was suggestive of cobalt activation of renal erythropoietin (Duckham & Lee 1976) . Initially it was thought that the low PBI could have been due to depressed uptake of iodine or blocking of inorganic iodine by cobalt (Duckham & Lee 1976) . Lactic acidosis, low serum albumin, elevated bilirubin and very high enzymes were other features in common with reported cases of cobalt cardiomyopathy. The patient's ECGs showed sinus tachycardia, low QRS complexes, right bundle branch block and T abnormalities as in the Quebec series, but he did not have P wave changes. Chest X-ray abnormalities in our patient returned to normal within two months ( Fig 1B) with a reduction in the CTR from 58 % to 41 % compared with over six months in the Quebec series with a mean reduction in the CTR from 63 % to 43 % in 5 cases (Lapointe 1967) . Evans (1964) showed that chest X-ray changes in beriberi returned to normal within days of treatment while in spirit drinkers they were irreversible. Cobalt given in large doses in the treatment of refractory anemia by Duckham & Lee (1976) did not result in demonstrable cardiac damage. Moreover, Kesteloot et al. (1968) showed that in addition to alcohol and cobalt, a dietary deficiency of protein and essential aminoacids was necessary for a cardiomyopathy to occur.
Our patient differed from those in the Quebec series in that the cobalt levels (by the atomic absorption method) in the beers which he drank were 10 000 times less than in the Quebec beer and in addition he had the hyponatrimia of a beer drinker and the myoneuropathy of an alcoholic. Features similar to those of a Belgian series of 12 cases of coma due to water intoxication in beer drinkers (Demanet et al. 1971 ) were hypoosmolality and hyponatrxmia, the possible causative factors being potomania, gastrointestinal Na loss and inappropriate ADH secretion. In addition, he had weakness, drowsiness, disorientation and epilepsy but not the pyramidal or extapyramidal signs described in that series. The generalized diffuse EEG abnormalities in this patient were similar to those in the Belgian study but no further fits occurred after correction of his biochemical status. While the EEG reverted to normal within eight months in this patient, Demanet et al. (1971) reported an abnormal EEG in 4 out of 5 cases even after correction of electrolyte imbalance. In a Danish series of 5 cases of electrolyte disturbances in beer drinkers (Hilden & Svendsen 1975) hyponatrxmia, hypokalemia and hypo-osmolality were considered to be due to low sodium content of beer and a poor dietary intake of sodium and potassium. The urine osmolalities of their patients were low which indicated that inappropriate ADH secretion was not present in their series.
The etiology of myoneuropathy in our case was probably complex and due to a combination of alcohol and dietary deficiency of vitamin B1 and folate. The patient recovered from a variety of serious complications of beer drinking in a combination which has not previously been described and with some of the clinical features of a cobalt cardiomyopathy but without significant levels of cobalt being found in the beers.
